Species assemblages of Alpheus of similar morphology occur along the tropical and subtropical margins of all world oceans. We studied sympatric populations of Alpheus belonging to three color morphs recognized along an intertidal gradient at Cabo Branco beach, State of Paraíba, Brazil. Morphological measurements of populations sampled monthly during a year were used to obtain indexes of size and fluctuating asymmetry. Standard statistical analyses were used in order to verify if the stress gradient established along the intertidal region affects spatial distribution, size and body symmetry in these three sympatric populations. Alpheus armillatus sensu stricto, the most frequent species, was predominant in the upper meso-littoral zone, being significantly smaller in the lower zone. A. cf. angulosus was predominant in the middle zone, while A. cf. heterochaelis was restricted to the upper zone. Individuals of A. cf. angulosus were significantly smaller than those of the other two morphs. Males were larger than females in all morphotypes, while cheliped dimensions show allometric growth. Couples invariably belong to a same morph. We obtained indications that competition between morphs are favoring the establishment of larger individuals in the most disputed zones of the middle and upper meso-littoral, although we were not able to confirm whether wave action was the main environmental factor responsible for these gradients in body size and symmetry along the intertidal region. Our data provide further ecological and biological evidence for the three color morphs representing distinct species, whose sympatric populations may be further recognized by additional morphological criteria. However, we are unsure about the constancy of these auxiliary distinguishing characters for allopatric populations from throughout their full western Atlantic ranges.
INTRODUCTION
Shrimp of the genus Alpheus Fabricius, 1798 are commonly known as snapping-shrimp or pistol-shrimp because they produce an unmistakable shooting sound with the major cheliped of the first pereiopod. Bilateral asymmetry of the first pair of pereiopods is observed in both males and females. The function of the chelipeds may differ between the sexes: in males with territory defense, and in females with construction of the burrow that harbors the couple (Mathews, 2002a (Mathews, , 2002b . These shrimps form monogamous pairs, have sedentary habits, and display territorial behavior (Nolan and Salmon, 1970) .
Alpheus is found in tropical, subtropical, and temperate oceans (Chace, 1988) . This taxon is notoriously difficult to sort based on traditional morphological characters, particularly when only preserved specimens are considered (Wicksten, 1993) . It represents the most speciose genus of Caridea, with approximately 250 described species (Chace, 1988) . These relatively large caridean shrimp are very common in the intertidal region, under rocks, in small intertidal pools, living in burrows in sand or mud substrates.
The Alpheus edwardsi group seems particularly difficult to understand systematically because two or more very similar and highly variable species usually occur in sympatry, with the ordinary taxonomic characters appearing to form mosaic-like combinations in different geographic areas. Pairs of live species belonging to different species, but clearly distinguished by color patterns similar to those in the Western Atlantic (banded versus smooth), have been observed by one of us (MLC) in northern Australia, indicating that overlapping pairs of similar species of Alpheus with distinct color patterns probably represent the rule in all oceans.
These observations suggest for Alpheus a process of explosive and recent evolutionary radiation in marine and estuarine environments in all tropical and subtropical oceans, including the intertidal regions.
The literature from the western Atlantic deals mainly with two species assemblages within the Alpheus edwardsi group: the A. armillatus ''complex'' and the A. heterochaelis ''complex'' (N. Knowlton, 1986 ; N. Knowlton and Mills, 1992; Mathews et al., 2002; Mathews, 2006 Mathews, , 2007 Spence and R. Knowlton, 2008a, 2008b) .
The A. armillatus complex contains species such as A. armillatus H. Milne Edwards, 1837, A. schmitti Chace, 1972 , and A. angulosus McClure, 2002 (5 A. angulatus McClure, 1995 . McClure (2002) characterized this assemblage as possessing abrupt posterior borders on the rostro-JOURNAL OF CRUSTACEAN BIOLOGY, 29(3): 334-342, 2009 orbital depressions, spines on mid-ventral margins of pleonal sternites in males, and a spine on the merus of the first cheliped.
In the southwestern Atlantic, only A. armillatus has been identified as belonging to the Alpheus armillatus complex (Mossolin et al., 2006) , with a broad geographic distribution and very abundant in coastal zones, including estuaries, having been found in depths up to 16 m (Christoffersen, 1998) . Alpheus armillatus is considered a highly variable western Atlantic species. Although distinct color morphs were early recognized in Florida for sympatric populations attributed to this species (G. Hendrix, 1971) , the variability of morphological characters throughout its range has made it difficult to subdivide A. armillatus into valid species on the basis of diagnostic morphological characters. Nevertheless, previous authors have suggested that more than one species may live in sympatry or in allopatry with A. armillatus (G. Hendrix, 1971; Christoffersen and Ramos, 1988) . The presence of two color morphs (a banded and a uniform color pattern) has long been recognized as occurring in western Atlantic populations attributed to A. armillatus on the basis of morphology alone (Christoffersen and Ramos, 1988) .
The A. heterochaelis complex in the western Atlantic contains species such as A. heterochaelis Say, 1818, A. pontederiae Rochebrune, 1883 , A. chacei Carvacho, 1979 , and A. estuariensis Christoffersen, 1984 (Christoffersen, 1984 . They usually have shallow orbital grooves, lack the spines mentioned above for the A. armillatus assemblage, and may or may not have the minor chelae of the male ''balaeniceps''-shape.
It now appears that the armillatus and heterochaelis complexes represent merely conventional divisions of Alpheus, with no evidence that each of these groups consists of distinct complexes of phylogenetically more closely related species, or true sibling species in the sense of N. Knowlton (1986) .
It is easier to divide sympatric populations of the more similar species of Alpheus into local color morphs and then to search further for underlying morphological or other distinguishing criteria (molecular sequence, electrophoretic, allometric, behavioral, ecological) that will support their validity as distinct species. For example, Spence and R. Knowlton (2008a Knowlton ( , 2008b recognize local populations of A. heterochaelis, A. estuariensis, and A. angulosus in Florida on the basis of color patterns, among other criteria.
N. Knowlton (1986) summarized the importance of color patterns for the identification of cryptic and sibling species of decapod crustaceans. Striking differences in color patterns seem useful for the recognition of several complexes of cryptic species pairs in marine groups where commonly used morphological criteria of preserved specimens fail. Examples are trapezoid crabs (Patton, 1966) , coral-inhabiting pontoniid shrimps (Bruce, 1978) , and anemone associated Alpheus (N. Knowlton and Keller, 1983, 1985; N. Kowlton and Mills, 1992) . Because of the morphological similarity, their specific status has been debated. Huber (1985a Huber ( , 1985b , however, has confirmed the separate species status of the color morphs of Trapezia Latreille, 1825 on the basis of diagnostic electrophoretic loci and allometric differences among the cryptic species. Salmon et al. (1978 Salmon et al. ( , 1979 ; and Von Hagen (1984) found that color, size, chela display behavior in males, and electrophoretic evidence for hybrid incompatibility in the fiddler crab Uca Leach, 1814 provide specific criteria for pairs of cryptic species where morphological differences were not apparent. Finally, Wada (1978) discovered two ''forms'' of the ocypodid crab Macrophthalmus japonicus De Haan, 1835 that differ in wave display, morphology, color, and habitat, and do not interbreed (Wada, 1984) .
Similar situations with other morphologically distinct species assemblages of Alpheus are encountered in the intertidal regions of the Eastern Atlantic, Indo-West Pacific and Eastern Pacific (Kim and Abele, 1988 ; N. Knowlton and Keller, 1983, 1985 ; N. Knowlton and Mills, 1992; Wicksten and McClure, 2007; McClure and Wicksten, 1997; N. Knowlton and Weigt, 1998) . Such a worldwide pattern of species co-occurrences, largely into species pairs with distinct color morphs, but often difficult to recognize with morphology, calls for analyses and explanation.
Individuals of different populations, suspected on the basis of color patter to represent distinct species, often differ in behavior, habitat choice, and mating preferences (Bauer, 2004) . N. Knowlton and Mills (1992) used color patterns to differentiate between vicariant species of Alpheus from the Caribbean and Pacific coasts of Panama, while Mathews (2006) found that the A. armillatus complex harbors at least three lineages that are probably reproductively isolated over the Caribbean and northeastern Atlantic geographical region, but most sites were populated by shrimp from at least two lineages.
Despite the value of color patterns for systematics, it must be stressed that variation in color does not always translate into species differences. The color polymorphisms of Hippolyte varians Leach, 1814 (Gamble and Keeble, 1900; Chassard, 1965; Chassard-Bouchard, 1965) and Heptacarpus Holmes, 1900 (Bauer, 1981 , 1982 , in which color variants are environmentally determined by background, are cases in point.
Species recognition within each of these morphologically similar assemblages may be facilitated by an investigation of the mechanisms of niche displacements among populations living in sympatry (Mathews et al., 2002; Castro-Souza and Bond-Buckup, 2004) . These mechanisms may involve differences in the trophic relations or spatial niches occupied by the distinct populations. Each species represents an intricate adaptive collection of genes that interact in unique ways with the environment. Environment or behavioral patterns may define not only the spatial patterns of distribution of populations in a specific area, but may also influence the phenotypic expression of several morphological and physiological characters. Size and body symmetry, for example, usually have low hereditability and are very susceptible to environmental influences in their phenotypic determination (Görür et al., 2007; Silva et al., 2004) . Measurements of body asymmetry in bilaterally symmetrical characters are usually considered adequate parameters for environmental bio-monitoring (Parsons, 1992) , although some controversies still remain (Floate and Fox, 2000; F. Hendrix et al., 2003) .
The objective of this paper was to verify the spatial distribution and the occurrence of variations in size and symmetry in sympatric populations of the snapping shrimp belonging to the Alpheus edwardsi group along the intertidal region of the Cabo Branco beach, Paraíba, Brazil. These populations were initially distinguished by different color patterns of living specimens. The hypothesis to be tested is that competition among sympatric morphotypes and the gradient of enviromental stress established along the intertidal region will significantly affect the spatial distribution and the phenotypic expression of body size and symmetry. If the hypothesis is confirmed, the observed ecological characters may be used to further distinguish the species identity.
MATERIAL AND METHODS

Studied Organisms
In the studied area, the usual two color morphs of A. armillatus sensu lato were initially recognized, distinctly banded or uniformly green, the former with a characteristic pattern of paired black spots on pleomeres 2, 3, and 4. In the course of the identification of the collected material, a third color morph (brown in males and olive-green in females) was encountered and distinguished, among other characters, for having a ''balaeniceps''-shaped, setigerous carena on the smaller cheliped of the males (FMAR, personal observation).
We subsequently refer to these three color morphs as A. armillatus sensu stricto, A. cf. angulosus, and A. cf. heterochaelis. We use the data obtained herein as further evidence that they represent three valid species. Furthermore, A. cf. angulosus and A. cf. heterochaelis probably represent new species, but their formal taxonomic treatment will be presented elsewhere.
Alpheus. armillatus sensu stricto conforms to the traditional concept of A. armillatus, although the original description is brief and types are missing (McClure, 1995) .
Alpheus cf. angulosus seems to differ from close northwestern relatives such as A. viridari (Armstrong, 1949) and A. angulosus McClure (2002) . In A. viridari, the rostral carina is straight and rounded, and the merus of the third and following legs are unarmed. In A. angulosus, the rostro-orbital depressions are abrupt posteriorly, the ventral margin of the carapace is ventrally pronounced at an angle posterior to the second pereiopods, and the space between the two postero-lateral spines of the telson are without additional spines. Until now, we have not been able to find anything in the descriptions of old synonyms of A. armillatus, such as Alpheus lancirostris Rankin (1900) and A. verrilli (Schmitt, 1924) , that might be associated uniquely with our A. cf. angulosus. The interorbital grooves seem to be somewhat intermediary between those considered typical of the armillatus and heterochaelis species assemblages. Interestingly, at least for the specimens of A. armillatus sensu stricto and A. cf. angulosus living in sympatry in our collection site, the shapes of the orbital grooves may be used as an aid to distinguish the two species.
Alpheus cf. heterochaelis does not agree fully with the description of northern hemisphere representatives of A. heterochaelis, so that the occurrence of this species south of Surinam remains in doubt (Chace, 1972; Christoffersen, 1981) .
Studied Area
Samples were obtained at Cabo Branco beach (7u89460S; 34u479550), localized in the State of Paraíba, northeast Brazil. In its southern portion, this beach is characterized by the presence of an extensive marine abrasion terrace, lying at the base of a living cliff. This terrace, composed of ferruginous sand-rocks, extends from the intertidal region into the sea for several hundred meters (Suguio and Nogueira, 1999) . Water temperatures vary from 29 to 33uC during the year and salinities vary from 35 to 38 (FMAR et al., in prep.) . The climate of the region is warm and humid, with two seasons: dry (from September to February) and rainy (from March to August). Mean annual air temperatures vary from 22 to 36uC, and rainfall indices oscillate between 1500 and 1700 mm, with relative humidity around 80% (Nimer, 1977; Lima and Heckendorf, 1985) .
Data Collecting
The shrimps utilized in this study belong to the Invertebrate Collection Paulo Young, Department of Systematics and Ecology, Federal University of Paraíba. They were collected from August 2005 to August 2006, during lowest tides every month.
Collecting was done along three parallel transects established perpendicularly to the tidal line. These transects were established 5 m apart from each other. Only one of these transects was sampled each month, with the aid of both an engineer/lensatic compass, and of reference marks established on groups of rocks in the surroundings. The first sampling was done along the central transect, the second along the transect located 5 m to the left and the third sampling along the transect located 5 m to the right. Subsequent sampling followed this same order.
These transects were established so as to include three zones with 20 m in length along the intertidal gradient: upper meso-littoral zone (Zu), middle meso-littoral zone (Zm), and lower meso-littoral zone (Zl). The first zone was established beginning 20 m from the base of the cliff. The last zone is only exposed during the most extreme low tides. All individuals found along each transect were captured. When males and females were found forming couples, they were preserved together.
The following morphometric measurements were obtained with the use of a digital pachymeter under a stereoscopic microscope: length of carapace (distance between the tip of the rostrum and the posterior margin of the carapace), length of pleon (distance between the anterior margin of the first pleomere and the posterior margin of the sixth pleomere), length of telson, total length (distance between tip of the rostrum and posterior margin telson), length and width of both large and small chelipeds. Measurements were obtained from 101 individuals of A. armillatus sensu stricto, 25 individual of A. cf. angulosus and 40 individuals of the Alpheus cf. heterochaelis.
A separate database was established including only the individuals forming pairs (44 of A. armillatus sensu stricto, 18 of A. cf. angulosus, and 12 of A. cf. heterochaelis). The side of the occurrence of the major cheliped and the color pattern were annotated for these individuals in order to verify if this trait influences couple formation. Specimens without complete first pereiopods were excluded from this evaluation.
For A. armillatus sensu stricto, we obtained the following length measurements in 90 individuals (15 males and 15 females from each zone): second antennular segment, merus of third pereiopod, and outer uropod. An index of fluctuating asymmetry (FA) was obtained from these bilateral measurements in order to estimate the degree of symmetry of each trait in each sampled zone (Palmer and Strobeck, 1986) .
Statistical Analyses
The frequency of morphotype occurrences in the collecting zones was compared with the X 2 , using the Yates correction when post-hoc comparisons were made.
A multivariate index of size was satisfactorily generated with the use of Principal Component Analysis (PCA), from a matrix of significant correlation among the original variables (Manly, 1994) . The KolmogorovSmirnov statistical pre-test (D max 5 0.063; P 5 0.741, N 5 166) indicated that the size distributions were normal (Zar, 1984) .
Two-way Analysis of Variance (ANOVA) was used to verify if there were differences in the sizes among the sexes and the three morphs of the Alpheus assemblage. Multiple comparisons among the sizes of the morphs were next conducted with the Tukey test.
The Kolmogorov-Smirnov statistical pre-test indicated that the coupled male (D max 5 0.120; P 5 0.237, N 5 74) and female (D max 5 0.113; P 5 0.302, N 5 74) indexes of size distributions were normal. An ANCOVA was next used to verify if the index of sizes of males and females forming couples were significantly correlated, considering the species as a covariant.
Size and FA differences among the intertidal zones were only verified for A. armillatus sensu stricto, because only this morphotype presented sufficient number of individuals for statistical analyses. To verify if there were significant differences in the multivariate index of size among sexes and zones of occurrence along the intertidal gradient, we applied two-way ANOVA. Next, we made multiple comparisons of size among collecting zones with the Tukey test.
ANOVA was used to verify if there were differences among the sizes of individuals collected along the period of one year. The Pearson correlation test was used to verify if the index of size was correlated with salinity and water temperature variations (Zar, 1984) .
Since FA represents very small deviations of perfect symmetry, Woods et al. (1998) and Perfectti and Camacho (1999) recommend prior analyses of FA testing hypotheses, the investigation of the magnitude of the measurement errors. Therefore, we used two-way ANOVA, considering as factors the side of the body (left or right) of measurements, and three measurement repetitions of the antennule segment to verify measuring inaccuracy, thus investigating if the bilateral variations were significantly larger than the measurement errors. The antennule segment was chosen for this analysis considering its smaller dimension in comparison to the other two variables. Palmer and Strobeck (1986, 1992) suggest that it is necessary to distinguish FA from other types of asymmetry. A t test was conducted to verify if the left-right major cheliped asymmetric distributions were normal with means equal to zero (Swadle et al., 1994) . The correlation between FA and the original measurement of a character was verified with the use of the Pearson Correlation test. When this dependency correlation is found, a relative measurement of FA must be obtained. An index of FA was then calculated considering FA 5 (S|(R2L)|/N (Palmer and Strobeck, 1986; Eggert and Sakaluk, 1994) . Asymmetry or normal deviation of right-left was verified using the Kolmogorov-Smirnov test (Silva et al., 2004) . Finally, the FA indexes were submitted to two-way ANOVA to verify if there were significant differences among the collecting zones and the sexes (Zar, 1984) .
RESULTS
Spatial Distribution of Morphotypes in the Intertidal Region
The three morphotypes of the Alpheus edwardsi group from Cabo Branco beach presented distinct patterns of spatial distribution along the intertidal region. Individuals of A. cf. heterochaelis (N 5 40) were collected only from the upper meso-littoral zone. Individuals of A. cf. angulosus (N 5 64) were collected in all three zones (Zu 5 6, Zm 5 42 e Zl 5 16), in significantly different frequencies (X 2 5 32.420, P , 0.001, d.f. 5 3), being more numerous in the middle mesolittoral zone when compared to the upper (X 2 5 25.520, P , 0.001, d.f. 5 2) and lower zones (X 2 5 10.776, P , 0.001, d.f. 5 2). Difference between the number of individuals collected in the upper and lower meso-littoral zones was not significant (X 2 5 3.682, P . 0.05, d.f. 5 2). Individuals of A. armillatus sensu stricto (N 5 160) were also collected in the three zones (Zu 5 74, Zm 5 49 and Zl 5 37), showing significantly different frequencies (X 2 5 13.371, P , 0.001, d.f. 5 3), but predominating in the upper meso-littoral zone when compared with the middle (X 2 5 4.683, P , 0.05, d.f. 5 2) and the lower zones (X 2 5 5.838, P , 0.025, d.f. 5 2). Differences between the number of individuals collected in the middle and lower meso-littoral zones was not significant (X 2 5 1.407, P . 0.05, d.f. 5 2). Individuals of five other species of Alpheus were also captured, but in small numbers: A. formosus Gibbes, 1850 (N 5 3), A. nuttingi (Schmitt, 1924) 
Differences in Size of Morphotypes
The PCA using a correlation matrix with morphometric data of individuals of the three morphotypes indicated variations in size of circa 88.5%. Variations in shape were also verified, resulting from the allometric growth of the chelae, which received negative signs in the loadings of the second principal component (Table 1) . Two-way ANOVA revealed significant differences among the indexes of sizes of the sexes (F (1, 160) 5 4.656, P 5 0.032) and species (F (2, 160) 5 6.785, P 5 0.001), there being no significant interactions between these two factors (F (2, 160) 5 0.032; P 5 0.968). The Tukey test indicated that individuals of A. cf. angulosus have significantly smaller indexes of size than individuals of both A. armillatus sensu stricto and of A. cf. heterochaelis (Fig. 1) .
For all morphotypes there exists a significant correlation between the index of sizes of males and females forming couples (r 5 0.866, P , 0,001; d.f. 5 42 for A. armillatus sensu stricto the banded morphotype, r 5 0.761; P , 0.001, d.f. 5 16 for A. cf. heterochaelis, and r 5 0.741, P 5 0.006; d.f. 5 10 for A. cf. angulosus). The regression lines of the three populations had the same inclination (AN-COVA F (2,68) 5 1.629, P 5 0.204) and the same elevation (ANCOVA F (2,70) 5 2.107, P 5 0.129). The equation describing the ratio between the size of the female (y) and the size of the male (x) for the three species is y 5 20.307 + 0.694x (r 2 5 0.664).
Color Patterns and Laterality of Major Cheliped in Couples
The members of a couple invariably presented the same color pattern. In A. armillatus sensu stricto, the handedness did not affect the couple formation since the major cheliped could occur on either side: the proportion of couples having the major cheliped on the same side (N 5 27) was similar to the number of couples having the major cheliped on opposite sides (N 5 28).
Variations in Size and Symmetry of the Most Frequent Morphotype (A. armillatus sensu stricto)
Two-way ANOVA pointed to significant differences in the indexes of sizes of individuals from different collecting zones (F (2, 95) 5 3.375, P 5 0.038) and among sexes (F (1, 95) 5 3.999, P 5 0.048), males having a larger size index than females. Individuals from the lower mesolittoral have significantly smaller index of sizes than individuals from the other two zones, according to the Tukey test (Fig. 2) . Interactions among factors were not significant (F (2, 95) 5 0.448, P 5 0.640). Significant indexes of size differences were found among months of collection along the year (F 5 9,89) 5 2.643, P 5 0.009) (Fig. 3) . However, these variations were neither significantly correlated with salinity (r 5 0.289, P 5 0.417, d.f. 5 8), nor with water temperature (r 5 0.317, P 5 0.317, d.f. 5 8).
The measurement error of FA was negligible, as indicated by the highly significant side versus individual effect on twoway ANOVA (F (2,18) 5 1971.385, P , 0.001). All FA distributions were normal, and then no evidence of antisymmetry was found. No correlation between size and FA was observed and the asymmetry in all traits fluctuated around a mean of zero ( Table 2 ). The FA of the considered measurements did not differ among collecting zones nor between males and females. Interactions among these factors were also not significant (Table 3) .
DISCUSSION Ecological Divergences among Studied Morphotypes
The data we obtained point to the occurrence of three species belonging to the Alpheus assemblage, all living in sympatry at Cabo Branco beach. The analyses of the spatial distribution of the populations suggest the overlapping of the niche of A. armillatus sensu stricto with the niches of the two other species in regard to the zones occupied along the intertidal gradient. A. armillatus sensu stricto, as well as being more frequent, colonizes the largest extension along the beach, occurring from the upper meso-littoral to the lower meso-littoral. A. armillatus sensu stricto shares the upper meso-littoral with A.cf. heterochaelis and shares the middle meso-littoral with A. cf. angulosus.
Spatial segregation, or predominance in a particular habitat, may be a common event among sympatric species of snapping shrimps. Mossolin (2003) has already described this phenomenon for A. armillatus and A. nuttingi, as did Mathews et al. (2002) for A. angulosus and A. armillatus. Of the three color variants of Alpheus armillatus noted by G. Hendrix (1971: 64) in the northwestern Atlantic (banded, blue-gray, and yellow), the first clearly seems to represent our banded color morph (A. armillatus sensu stricto), while Spence and R. Knowlton's (2008) color photographs permit us to identify the other two species as Alpheus heterochaelis and A. angulosus, respectively. Although G. Hendrix (1971) did not describe any ecological differences among these morphs, he did note that monogamous pairs always belonged to a same color morph.
However, intraspecific variations in species of alpheids living in sympatry have not always been associated with specific patterns of spatial distribution, nor considered sufficient to infer genetic divergence among them (Christoffersen, 1980 ; N. Knowlton and Mills, 1992; Nomura and Anker, 2001 ). In the Indo-Pacific, banded and uniformly pigmented forms occur side by side in the intertidal region, apparently occupying the same ecological niches of the banded and green forms of A. armillatus sensu stricto and A. cf. angulosus in the western Atlantic, although belonging to different species (MLC, personal observation). Greenbaum (1994, 1999) considered allozyme variation in order to genetically distinguish cryptic species of Alpheus. More recently, genetic investigations (sequencing of mitochondrial genes), ecological observations (spatial distribution into microhabitats), and behavioral studies (mate choice and couple formation) have been utilized to clarify the diversity of species within Alpheus (Mathews et al., 2002) . Morphology, size, and color patterns associated with molecular markers have been used satisfactorily to distinguish several other species complexes of crustaceans taxonomically (Henzler and Ingolfson, 2007; Hiller and Werding, 2007; Huang et al., 2008) .
In some cases, the distinction of sympatric species is not based on spatial niches but on diet (Castro-Souza and Bond-Buckup, 2004) . Von Rintelen et al. (2007) , studying the diversification of freshwater prawns in Indonesia, found that distinct color patterns previously attributed to a single species could be used to distinguish different species. Carideans of the atyid genus Caridina H. Milne Edwards, 1837 showed varied trophic specializations, in addition to distinct color patterns, although no correlation was found between consumed food items and cheliped morphology.
Selective pairing, as indicated by color similarity between members of a couple, could be an efficient mechanism of reproductive isolation. Such behavior maintains the divergence among cryptic species and hinders the formation of hybrids (Mathews, 2002b) .
The different sizes of sympatric morphotypes at Cabo Branco, even though not strongly contributing to the reproductive isolation between morphs, are certainly influencing female partner choice. The size relationship established for the three morphotypes between pairs forming couples indicates that mate selection does not occur by chance, but biomass or body frame are relevant factors. Pairing of mates of very dissimilar size becomes improbable. Werding (1990) had already observed the similarity in size between couples of A. schmitti, and Mathews (2002a) registered a correlation between males and females forming couples in A. angulosus.
Our affirmation that males have a larger index of size than females may appear to contradict observations of several authors that affirm the contrary. We must stress that our size index is derived from cheliped length and width, which are much larger in males than in females (Nolan and Salmon, 1970) . This same fact was observed by FernandezMunoz and Garcia-Raso (1987) when they stated that the ratio between weight and length might not be evidenced in species with developed chelae, given the positive allometry affecting the growth of these appendages. McClure & Wicksten (1997) , using PCA, also presented evidence that the dimorphism of the major cheliped of A. angulosus was relative to the proportion of finger size rather than to overall size of the claw. Males are also larger than females in many species of Macrobrachium Bate, 1888, such as M. olfersi (Wiegmann, 1836) , although females of this species and of Alpheus have pleons that are proportionally wider than in males (Mossolin and Bueno, 2003) .
The data obtained confirm that there is no predominance of the occurrence of the major cheliped on one side of the body, which is expected given that in cases of autotomy of the larger chela the small cheliped will develop into the new major chela (Verrill, 1922; Mossolin, 2003) . The laterality of the major chela does not appear to influence pair formation in the species complex studied herein.
Phenotypic Variations along the Intertidal Region of A. armillatus sensu stricto
The environment influences the size individuals attain along the intertidal region. Contrary to expectations, individuals with larger biomass are not found in the supposedly most stable zone of the lower meso-littoral, but occur at rather more extreme locations along the exposure gradient, particularly where wave action was more intense. On the other hand, it might be that competitive pressure among individuals of A. armillatus sensu stricto with the remaining morphs occurring in the studied region has selected individuals with larger biomass (as well as larger cheliped) in the middle and upper meso-littoral. Because of their territoriality (Nolan and Salmon, 1970; Fernandez-Munoz and Garcia-Raso, 1987; Martinez-Iglesias et al., 1997) , larger males with bigger chelipeds would be more successful in establishing and defending their territory, which is necessary for their survival and reproduction (Mathews, 2002a) . Young (1986) described the relationship that exists among size of males, dominance, and territorial extension in couples of Alpheus living in corals. These observations corroborate the idea that selection for the increase of biomass of males occurs as a consequence of competitive pressure. Consequently, for females there are advantages to pair with larger males. According to Rahman et al. (2003) , the establishment and duration of secondary bonding depends on the competitive success of males and on the ability of males to defend the burrow in which the couple becomes established. Variations in size through time do not correlate to variations in water temperature and salinity. We are not sure what factors caused the increase in sample size during the months of February, May, and June.
Non-differentiation of FA levels along the intertidal gradient may have numerous reasons. FA may have been minimized by plasticity in the expression of body size (Bubli et al., 1998) , which would compensate, to a certain degree, the adversities of the environment. The inverse relation between morphological plasticity and FA has been confirmed by studies in different animal groups (Bjorkstein et al., 2000; Lomônaco and Germanos, 2001; Silva et al., 2004; Görür et al., 2007) . High FA levels in populations of the shrimp Palaemon elegans Rathke, 1837 have been associated with pollution by fertilizers (Clarke, 1993) . One may still consider that sexual selection may be favoring more symmetrical individuals or those with higher ability to maintain the normal pattern of symmetry, in the face of competitive pressures.
Taxonomic Implications
We do not fully resolve the complex taxonomic issues herein, but find it worthwhile to point out the implications of our statistical analyses for the taxonomy of similar northwestern species of Alpheus.
In A. cf. angulosus, we have one possible morphological character (shallow rostro-orbital depressions) to distinguish it from both A. armillatus and A. angulosus (characterized as having abrupt rostro-orbital depressions). However, we are still unsure about the constancy and usefulness of this particular character across larger geographic areas.
The data presented above appear sufficient to conclude that the three morphs recognized preliminarily on the basis of color patterns represent three good species occurring in sympatry along intertidal regions of the Tropical Western Atlantic. The formal taxonomic treatments of these morphs, A. cf. angulosus and of A. cf. heterochaelis, will be dealt with in other papers.
Finally, we propose to restrict the name of Alpheus armillatus H. Milne Edwards, 1837 to the banded color morph mentioned herein, which is consistent with the typical characterization of A. armillatus.
Our data confirm the establishment of a spatial displacement pattern in the most abundant sympatric color morphs in Alpheus armillatus sensu stricto along the intertidal zones of Cabo Branco. The ecological evidence herein provides further support that A. cf. angulosus and A. armillatus sensu stricto represent two valid species within the former A. armillatus sensu lato taxon. We have not been able to confirm whether the hypothesis that environmental stress established by wave movement is affecting the size and symmetry of snapping shrimps is correct. On the other hand, there are indications to suspect that competition between species in the studied complex is favoring the territorial establishment of larger individuals in the most disputed zones. This paper makes a case for habitat partitioning among sympatric populations of similar morphotypes of snapping shrimps, and introduces some new concepts to alpheid biology, such as statistical data on claw laterality versus pair bonding, which may be expanded or complemented in subsequent research.
